Railsback's Some Fundamentals of Mineralogy and Geochemistry

Photosynthetic and chemosynthetic marine ecosystems:
the sea surface, hydrothermal vents, and cold seeps

Abundant photosynthesizers: diatoms,

The Sea Surface Oxygenic Photosynthesis: 6CO, + 6H,0 => CgH;,0¢ + 60, dinoflagellates, coccolithophores,
cyanobacteria

Cold Seep

Anaerobic oxidation of methane by prokaryotes:
CH4 + H* + 8042_ == HCOS_ aF HQS ar Hgo

A Prokaryotic chemosynthesis: 12H,S + 6CO, => CgH1,0¢ + 6H,0 + 12S
or 24HZS ar 602 ar 6002 => CGH1206 ar 18H20 + 24S

Iconic symbiont-bearing siboglinid (annelid) worm: Lamellibrachia luymesi
24H28 ar 602 Ar 6002 == CGH1206 ar 18H20 + 24S
or 12H28 ar 6002 => CGH1206 + 6H20 +12S

Iconic symbiont-bearing siboglinid
(annelid) worm: Riftia pachyptila

Waters carrying

H,S and/or methane

- (CH,) as they flow out
of sedimentary rocks

-

Prokaryotic chemosynthesis:

Mid-Ocean Ridge Vent

The sedimentary rocks from which waters are
expelled on continental slopes contain organic matter
from which methane was generated either by early microbial

degradation or by later thermal maturation of petroleum. In contrast, Hydrothermal water enriched in H.S The sediments of the deep seafloor are
the basalts of mid-ocean ridges contain no organic matter, and so e deposited so slowly that almost all organic
no methane emerges with the vent waters of mid-ocean ridges. matter is oxidized, and thus no methane is produced from them.
The sea-surface ecosystem Vent and seep ecosystems Chemical species in the reactions
. . . above:
Geography:  Spread across entire ocean surface Very localized on seafloor H,S Hydrogen sulfide
(with organic matter dropping CH. Meth
to heterotrophs below) 4 vernane
CO, Carbon dioxide
Energy source: Sunlight Chemical energy of reduced C or S (or H) aoéz\‘NSU”ate
; . . . 20 Water
Chemistry: Photosynthesis Chemosynthesis and methanotrophism HCO5- Bicarbonate
Synthesizers: single-celled eukaryotes Prokaryotes CeH1206 Carbﬁthrate’. or tor”
and prokaryotes more generally “organic matter
The cold-seep chemical reactions shown above are in part derived from Dattagupta et al. (2006 Jo. Exp. Biol. 209, 3795-3805).
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Multiple chemical reactions for sulfide-driven chemosynthesis exist in the literature, and so two are shown here.



